ABSTRACT Since the Bhopal disaster, in which the causal agent was methyl isocyanate (MIC), exposed people have complained of various disorders including neuromuscular dysfunction. In an attempt to gain some information about the response of muscle tissue to MIC its effects were investigated in cells in culture isolated from muscle of 2 day old rats. After treatment with a range of MIC concentrations (0025-05 ,u/5 ml culture) the total number of nuclei of the two main cell types (fibroblasts and myoblasts) and the number of nuclei in muscle fibres (myotubes) were recorded. At lower doses which had little effect on the total number of nuclei, the formation of muscle fibres-that is, fusion of muscle cells-was prevented as the proportion of nuclei in myotubes was decreased. At higher doses both cell types were killed. This would suggest either an effect on muscle differentiation or a selective toxicity towards myoblasts. The observations were supported by light and electron microscopy.
microscopy.
In the industrial disaster in Bhopal, India, in 1984 the leakage of 40 tons of methyl isocyanate (MIC) gas from a pesticide plant claimed over 2500 lives and left an estimated 15 000 people suffering from a variety of ailments. Three months later 50 000 of the people continued to have disorders of the lungs and eyes and ulceration of the gastrointestinal tract and many complained of kidney, liver, and neuromuscular dysfunction.' Since then, various researchers have been gathering toxicological information.
Kimmerle and Eben showed that MIC was highly irritant to skin and mucosae and produced pulmonary oedema. 2 Various experimental protocols were used. The first study with treatments on days I and 2 was to determine a suitable range of doses for the final study in which the compound was administered at days 2, 4, and 6 in culture in order to treat the myoblasts at different stages of development.
CELL FUSION COUNTS ON STANDARD CULTURES
Counts were made on 10 fields for each culture. The total number of nuclei of all cell types and the number of nuclei in myotubes was recorded.
Results

STUDY I
In the first study (doses/ml:0-25, 0 5, 1, and 2 p1 treated at day 1 and fixed at day 9) only cultures with 0-25 jul MIC had any cells (data not shown).
In those cultures treated on day 2 with lower dose treatments and fixed at day 9 there was little effect on total nuclei but myotube formation was much reduced at 0 25 and 0 083 p1 (table 1). Anderson, Goyle, Phillips, Tee, Beech, Butler The results for control cultures were similar to those in the first study with mean values of 2 76 x 106 nuclei (13-0% fused) on day 5 and 2-89 x 106 (17-6% fused) on day 8 (table 2) . Because of the larger number of control cultures in this study it was possible to observe the variation obtained with this counting method. The total nuclei were relatively consistent (a range of 2 27 to 3-48 x 106) but fusion was more variable (8-1 to 25 6%).
With treatment on day 1, nuclear counts were significantly reduced at 0 25 pl (more than two standard deviations below the control mean) and fusion was significantly lower at both 0 25 and 0-125 ud in cultures fixed on day 5 . No cells were present after treatment with 0 5 p1.
After treatment on day 4 and fixation on day 8 total counts were similar to controls at doses up to 0-25 p1 but fusion was inhibited at 0 125 and 0 25 p1. There were no cells present after treatment with 0-5 ul.
Treatment on day 6 resulted in a decrease in nuclear counts and fusion at a dose of 0 05 p1 and cells were destroyed at higher concentrations.
MICROSCOPY
On days 4 group Cultures receiving 0-05 pl MIC on day 4 were essentially the same as the controls at both the light and electron microscope level. At a treatment level of 0125 p1 MIC changes were observed. The syncytial muscle cells were much less abundant and necrotic cells were scattered throughout the culture (fig 3) . At the electron microscope level the mononuclear cells could be identified as both myoblasts and fibroblasts. The myoblasts were less abundant than the fibroblasts and often had a simplified profile (fig 4) . The fibroblasts were similar to the controls.
At the treatment level of 0 25 pl MIC all the cells of the culture were necrotic and there was no evidence of the syncytial muscle cells (figs 5 & 6) .
Discussion
The results suggest that MIC is toxic for a mixed culture of fibroblasts and muscle cells but that the myoblasts appear to be more susceptible to the acute toxic action of MIC. Even at relatively low concentrations it was toxic. Lower doses tended to prevent myotube formation since the proportion of nuclei in myotubes was decreased at concentrations which had little effect on total number of nuclei as shown at doses of 0 125 p1 and 0-25 p1 after treatment on day 1 and fixation on day 5 and at a dose of 0-125 pl and 0 25 p1 after treatment on day 4 and fixation on day 8. At higher doses the total number of nuclei were reduced. These findings would suggest either an effect on muscle Anderson, Goyle, Phillips, Tee, Beech, Butler differentiation or selective toxicity to myoblasts. After treatment on day 6 effects were more severe because at this stage cells were detaching as monolayer sheets at the higher doses and both cell types appeared to be killed.
The importance of the findings for muscle tissue in the intact animal is not clear where muscle cells are under the control of the nervous system. It may be speculated that MIC would directly affect muscle tissue and prevent differentiation as shown in the in vitro situation. If MIC were also to directly attack the nervous tissue this might superimpose a lack of coordination in addition to a lack of differentiation.
